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MAGING DAGNOSTICS BY COMBINING 
CONTRASTAGENTS 

The present invention relates to the use of a combination 
of several contrast agents having different imaging proper 
ties. 

Chronic diseases are an important field of application for 
imaging diagnostics. The two most frequent chronic dis 
eases, cardiovascular diseases and tumour diseases, alone 
account for the greater part of the 800 million imaging 
diagnoses which are carried out every year worldwide. The 
majority of examinations are ultrasonic examinations, X-ray 
examinations, such as CT and MRI examinations, but also 
nucleomedical and optical methods are often used. For all of 
these examination methods, contrast agents are clinically 
available. Contrast agents provide specific information 
determined by their pharmacokinetic and pharmacodynamic 
properties. However, imaging examination alone often 
allows only for little diagnostic information. Due to this 
reason, it is often necessary to carry out various examina 
tions with the same modality and different contrast agents or 
to carry out different examinations with different modalities, 
in order to allow a reliable diagnosis. This procedure 
involves high costs and strain/stress for the patient. Further 
more, this approach is time-consuming and, the beginning of 
a necessary therapy is often delayed due to the fact that 
several diagnostic examinations are required. A further dis 
advantage is the assignment of diagnostic signals from 
different imaging examinations. Very often, it is not possible 
to correlate Suspect lesions of one examination to the lesions 
detected in another examination, which considerably com 
plicates the diagnosis for the physician. The necessity to 
carry out different diagnostic examinations in order to 
establish a reliable diagnosis can be illustrated by the 
imaging diagnostics of tumours, particularly the imaging 
diagnostics of breast cancer. 

Breast cancer is one of the most frequent tumours and the 
most frequent tumour disease with women. Improved early 
diagnosis. Such as Screening mammogram, and complex 
treatment protocols allowed a decrease in mortality over the 
last years. Nonetheless, a great number of breast cancer 
cases are only detected at a late stage. Hence, the early 
diagnosis of tumours is a great challenge. This is particularly 
important as the growth of Small tumours is limited to the 
organ so that there is hope to remove the tumour completely 
and to conserve the organ if tumours are detected in early 
stages. Medical methods available up to present meet this 
requirement only inadequately. Hence, it is important to 
provide improved methods of early and reliable diagnosis. 

Today, the physician can use various diagnostic methods 
with the imaging techniques playing a major role. Among 
the imaging techniques, ultrasonic diagnosis, CT, MRI and 
nucleomedical techniques, such as PET and SPECT, are the 
most relevant techniques. With unclear diagnostic findings, 
the aim is to take tissue samples from Suspect lesions and to 
prepare and assess these samples histopathologically. 
MRI examination of the female breast has very high 

sensitivity in comparison to other imaging modalities. Due 
to this modality, it is possible to detect different forms of 
breast cancer at an early stage. A particular advantage of 
MRI is the fact that imaging examination is not complicated 
in a significant way by non-tumerous tissue alterations. Such 
as e.g. Surgical cicatrices, tissue alterations by radiological 
treatment, prostheses or mastopathically altered glandular 
tissue. Due to these characteristics, MRI has meanwhile 
found a large range of applications. 
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2 
The high sensitivity of MRI of the breast is, however, 

associated with low specificity. Low specificity implies that 
almost all malignant tumours are detected but that, at the 
same time, many foci which, in the course of Subsequent 
examinations, are found to be harmless, are represented as 
malignant tumours. The reason for this is that MRI uses 
contrast agents which improve the method to a degree that 
allows to show even minor irregularities in the breast tissue 
to be examined. These contrast agents are not appropriate to 
make a satisfactory distinction between benign and malig 
nant lesions. As a consequence of the diagnostic results, the 
physician has to initiate further examinations which are to 
assess the presumptive diagnostic findings in greater detail. 
On the one hand, further imaging methods are applied, on 
the other hand, it is possible to make an MRI-based biopsy 
of the Suspect tissue and establish an exact diagnosis by 
histological examination. The fact that this is a method of 
high technical standard involving high costs is one of the 
reasons why MRI imaging has not yet been established as 
standard method for breast cancer diagnosis. As to clinical 
application of CT, the situation is similar. CT also plays a 
major role in tumour diagnosis. For example, the CT 
contrast agent Ultravist(R) is used for imaging CT diagnosis 
of liver tumours. This method also shows minor specificity 
with respect to the contrast agents based diagnosis. Thus, it 
is a central task to improve the specificity of diagnostic 
imaging in order to make it widely applicable. 
One possibility to improve the specificity of information 

provided by an imaging modality is to use improved signal 
altering or signal modulating contrast agents. Today, con 
trast agents are clinically available for most of the imaging 
methods. These contrast agents are selected in such a way 
that, on the one hand, their application is acceptable with 
humans and that, on the other hand, they can interact with 
the physical signal of the relevant examination modality in 
a very specific manner. Most empirical data regarding the 
application of contrast agents relate to X-ray-based CT 
examination methods. Diagnostic radiology uses contrast 
agents which attenuate the X-rays. These are, amongst 
others, Substances with a great number of elements having 
high electron density, such as iodine. These contrast agents 
can be applied in a variety of ways in humans, however, the 
most frequent applications are applications in which the 
contrast agents are introduced by bolus injection into the 
blood circulation. By applying contrast agents in this way, it 
is possible to make the blood flow in a specific organ visible 
for the duration of the examination. This application form of 
contrast agents allows to obtain important information on 
the anatomy, morphology and function of specific organs. 
Thus, it is possible to obtain information on the condition of 
a blood vessel by detecting a contrast agent in this blood 
vessel and by visualizing the vessel lumen. Existing con 
strictions of the coronary arteries can be made visible by 
coronary angiography without difficulties, thus, leading to 
the diagnosis of coronary Stenosis. Another parameter pro 
viding significant diagnostic data is the Velocity with which 
the contrast agent applied flows into the organ. Thus, it is 
possible to draw conclusions with respect to the blood 
circulation within a particular organ. The application of 
contrast agents is as important in MRI as it is in radiodiag 
nostics. For X-ray-based examinations as well as for MRI 
examinations, a great number of different contrast agents is 
available to the physician. However, all of these contrast 
agents are optimised for specific application purposes. 
Extracellular contrast agents (ECCM) play a major role in 
the detection of tissue lesions, such as tumours, diseases of 
the central nervous system (CNS) and diseases of the 
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cardio-vascular system. These contrast agents are optimised 
in such a way that their concentration in the blood is rapidly 
reduced from a maximum concentration to a minimum 
concentration within very few minutes after their application 
(alpha slope, blood kinetics). Furthermore, they are charac 
terised in that they have plasma protein binding of less than 
90%, preferably of less than 70%. ECCM can easily be 
selected from a series of different contrast agents by in-vivo 
imaging studies in animals or human. In these in-vivo 
studies a fast decline of the imaging signal over the target 
lesion or reference regions indicates a characteristic of 
ECCM. Due to their small molecular size and the incomplete 
binding to plasma proteins, they easily pass the capillary 
barrier. Another significant property of the ECCM is the lack 
of interaction with biological structures. ECCM do not bind 
to specific structures in the lesion to be examined and are not 
altered by these structures. Due to these properties, they can 
pass the capillary barriers in both directions and, thus, they 
are capable of demarcating Suspect lesions from the Sur 
rounding healthy tissue. This process is known as extrava 
sation and occurs also in an intact capillary system, though 
with clearly reduced velocity. In particular with tumour 
diseases, diseases of the central nervous system and diseases 
of the cardio-vascular system, the capillary barrier is defect 
and ECCM leakage occurs preferably at these sites. Extrava 
sation of the ECCM results in a signal increase in the lesion 
in comparison to the healthy surroundings. Within the first 
minutes after injection of an ECCM, signal increases of up 
to 100% can be observed. This first phase of the extravasa 
tion process is also known as wash-in. This phase can be 
followed by a rapid but often incomplete washout phase. 
The signal in the lesions can be inferior to the signal in the 
Surroundings, as, due to the disturbed barrier function, the 
wash-out process in the lesion can occur faster than in the 
healthy tissue where the intact barrier reduces the velocity of 
back flow. Back flow is however always caused by fast 
decrease of the ECCM concentration in the blood. This is a 
characteristic property of the ECCM used according to the 
invention. Fast elimination from blood circulation requires 
incomplete and loose binding of plasma protein and is 
ensured by renal and/or hepatic elimination capacity, in 
contrast to ECCM, lesion-specific contrast agents (LSCM) 
used according to the invention are characterised in that they 
can interact with a specific target structure in the organism 
or are altered by said specific structures in Such a way that 
they can be visualised in by an imaging technique as a 
consequence of the interaction or alteration. A further prop 
erty by which they can be distinguished from ECCM is their 
longer retention in blood circulation. This property can be 
achieved, for example, by ensuring that the relevant LSCM 
are characterised by a stronger plasma protein binding of 
more than 90%. The characteristic properties of LSCM can 
easily be detected by in-vivo imaging studies in animals or 
human. A continuous accumulation in the target lesion 
indicates a LSCM. 
The most important ECCM in MRI is gadolinium-DTPA 

(Gd-DTPA). Gd-DTPA is a paramagnetic substance which 
leads to a reduction of the T1 relaxation time of the 
Surrounding tissue. It is a Substance with low molecular 
weight, which does not interact with structures of the 
organism and is not altered by these. Due to this property, it 
is capable of leaving the capillary system even if the 
capillary barrier is intact and vascular permeability is nor 
mal. Having left the capillary system, Gd-DTPA spreads in 
the extravasal space. Many diseases, such as e.g. tumour 
diseases, inflammatory organ alterations or tissue injuries 
due to apoplexia result in damage of the capillary barrier. If 
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4 
patients suffering form such diseases are subjected to MRI 
examinations with the contrast agent Gd-DTPA, the contrast 
agent extravasates to an increased degree in areas where the 
capillary barrier is damaged. The concentration in the tissue 
is increased particularly in these areas, which is noticeable 
by an increased signal in the MRI image. This effect is 
followed by an increased back diffusion also known as 
wash-out phenomenon. This characteristic behaviour, which 
is also known as “wash-in/wash-out” phenomenon, can be 
used in MRI diagnosis in various ways, e.g. for the detection 
of tumours with high scanning speeds during the injection of 
contrast agent in MRI. In particular the imaging diagnostics 
of suspect tissue alterations of the female breast proved that 
the “wash-in/wash-out” phenomenon allows to detect prob 
ably all malignant breast lesions above a certain size. The 
method, however, also has a great disadvantage. In addition 
to the existing malignant tumours, many benign foci are 
detected. These are various benign tissue alterations of 
different kinds which bear no risk for the patients. 

So far, no method is known which would enhance the 
specificity of highly sensitive imaging methods in a satis 
factory way. 
A possibility to enhance the specificity of imaging exami 

nation methods consists in carrying out different contrast 
agent-based examinations. In the literature, methods are 
known wherein the Suspect disease lesions were character 
ised by subsequently using two different MRI contrast 
agents. For this monomodal method, the examination was 
carried out in two steps. First, an LSCM was applied. Due 
to the long retention period, the concentration of an ECGM 
could only be examined by a delayed second examination. 
This approach has the decisive disadvantage that by carrying 
out the examinations separately, an overlap of the two 
signals is possible only in a limited way. Thus, the method 
known from literature loses some of its sensitivity and 
specificity and offers no advantage Marcarini L. et. al; 
Radiol. Med. (2006) 111: 1087-1102). 

Surprisingly, it was found that the use of ECCM in 
combination with at least one further imaging contrast agent 
or signalling Substance which tends to concentrate specifi 
cally in the disease lesion (lesion-specific contrast agent/ 
LSCM) is a completely new imaging method having a 
markedly higher specificity than the application of an 
ECCM alone. The combination of the invention is charac 
terised in that the ECCM and the LSCM are applied at the 
same time or the LSCM is applied with a short time delay 
of 30 minutes maximum, preferably of 20 minutes maxi 
mum, most preferably of 10 minutes maximum after the 
application of the ECCM. Thus, the method of the invention 
allows to interpolate the different imaging signals and to 
achieve a lesion diagnosis of high sensitivity and high 
specificity. Interpolation means that, in a given examination 
area/region, at least two signals differing from each other 
can befare related in space and in time. Thus, the invention 
resolves the disadvantages of the state of the art with 
diagnostic methods being carried out independently from 
one another by combining ECCM and LSCM which 
allows a useful interpolation of the different imaging signals. 
Diagnostic methods being carried out independently from 
one another means, that the patient is moved from the 
examination table in between the diagnostic methods. The 
ECCM is used to detect the lesions, whereas the LSCM is 
used to characterise the lesions. By using this method, the 
number of false positive diagnostic findings can be 
decreased significantly and physician as well as patient can 
be spared unnecessary examinations. Unexpectedly, the 
present invention provides for an increased diagnosis sen 
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sitivity and specificity in comparison with the state of the art, 
wherein images from independent examinations are merely 
spatially overlaid. The present invention furthermore allows 
for adjusting examination parameters such as the spatial area 
which lies within the focus of the diagnostic apparatus or the 
irradiation intensity as a consequence to the result obtained 
by one of the contrast agents, thereby enhancing the result 
obtained with the other contrast agent. Used in combination 
according to the invention, ECCM and LSCM are contrast 
agents with complementary action properties. 

Thus, Subject matter of the present invention is an extra 
cellular contrast agent (ECCM) for the diagnosis of lesions 
in combination/conjunction with a lesion-specific contrast 
agent (LSCM). According to the invention, the individual 
contrast agents of the combination of ECCM and LSCM 
may be imaging contrast agents for a single synthetic 
imaging method (monomodal) or multiple synthetic imaging 
methods (polymodal). 
The combination of ECCM and LSCM according to the 

invention envisages a fixed time sequence for the application 
of the individual substances. In the case of the monomodal 
technique, the ECCM is administered first and the LSCM is 
administered subsequently. The LSCM is administered at the 
earliest when the ECCM level in the blood has reached a 
level that allows detecting the LSCM. 

Thus, Subject matter of the present invention is also an 
extracellular contrast agent (ECCM) for the diagnosis of 
lesions, wherein, in the case of the monomodal technique, 
the ECCM is provided for in a manner suited for the 
intended use for administration as first contrast agent and the 
LSCM is provided for in a manner suited for the intended 
use as second contrast agent to be administered after the 
ECCM level in the blood has declined to a level that allows 
the detection of the ECCM. In the case of the polymodal 
technique, the contrast agents may be provided for in a 
manner Suited for the intended use in Such a way that they 
can be administered at the same point in time. In the case of 
the polymodal technique, they may, however, be provided 
for in a manner Suited for the intended use in Such a way that 
the LSCM is prepared for administration as first contrast 
agent and the ECCM for administration as second contrast 
agent. This approach Surprisingly provides the possibility to 
investigate the distribution of the disease in the whole body 
as the first step, and to perform detailed characterisation of 
the suspicious lesions with ECCM as the second step. 

Preferably, in a polymodal technique, the LSCM is 
administered as first contrast agent and the ECCM is admin 
istered as second contrast agent, where the image registra 
tion of the LSCM is performed first, and the image regis 
tration for the ECCM is performed second. As an example, 
in the combination of 18F-Fluordeoxyglucose (FDG) as 
LSCM for PET imaging with Ultravist(R) as ECCM for CT 
imaging for a combined PET/CT imaging of cancer, after 
administration of FDG and subsequent administration of 
Ultravist(R), the PET exam with image registration of the 
LSCM is performed. As FDG is accumulated not only in e.g. 
cancer cells, but also in a variety of normal cells (e.g. brain) 
and cells affected by other disease (e.g. inflammation), the 
Subsequent CT imaging for image registration of the ECCM 
is performed only in the regions with increased FDG uptake 
to allow a high-resolution imaging with a slice collimation 
of 2 mm or less, preferably of 1 mm or less in CT for 
detection of Subtle morphologic signs, e.g. of cancer. 

Preferably, the combination of the invention is, however, 
used in such a way that the ECCM is administered first in 
order to detect Suspect lesions in the relevant organs. The 
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6 
LSCM is then used in order to provide information with 
respect to the kind of lesions based on its concentration in 
said lesions. 

In the case of the polymodal technique, both contrast 
agents can be administered sequentially—like in the mono 
modal technique—and simultaneously. Thus, Subject matter 
of the present invention is an extracellular contrast agent 
(ECCM) for the diagnosis of lesions in combination with 
LSCM, wherein in the case of the polymodal method 

either the ECCM is prepared for administration as first 
contrast agent and the LSCM is prepared as second 
contrast agent to be administered after the level of 
ECCM in the blood has declined to a level that allows 
the detection of the ECCM, or 

the ECCM and the LSCM are prepared for simultaneous 
administration. 

The contrast agents may also be prepared in Such a way 
that the LSCM is prepared for administration as first contrast 
agent and the ECCM for administration as second contrast 
agent. Subject matter of the present invention is also a 
method for the diagnosis of lesions, wherein an extracellular 
contrast agent (ECCM) is administered in combination/ 
conjunction with a lesion-specific contrast agent (LSCM) 
and, preferably, the imaging signals are interpolated imme 
diately. 
The ECCM of the invention are signaling and signal 

modulating Substances for synthetic imaging techniques 
which, after having been applied to humans, rapidly reach a 
high peak concentration in the blood due to the bolus-like 
injection which is normally used and the high concentration 
of said ECCM rapidly declines from this high level by their 
spreading into the whole organism (alpha slope, elimination 
kinetics). In general, this process is terminated within 5 to 10 
minutes after application. In general, after 5 to 10 minutes 
after application the Substance levels in circulation are 
below a level allowing imaging detection. Renal and hepa 
titic elimination, or a combination of both, is decisive for 
further clearance of substance levels from the circulation. 
For fast elimination from blood circulation, the imaging 
Substances must be of Small molecular size. The elimination 
of substances with a molecular weight of more than 2,000 to 
5,000 is significantly slower compared to the elimination of 
substances with a molecular weight of up to 1,000 g/mol. 
Hence, the ECCM of the invention have a molecule size of 
less than 2,000 g/mol, preferably of less than 1,000 g/mol. 
Another important property of the ECCM is their hydrophi 
licity. Substances having high hydrophilicity are eliminated 
fast. The elimination of substances having low hydrophilic 
ity is significantly delayed. Hydrophilicity of the EGCM of 
the invention is characterised by a distribution coefficient of 
log P-2 (less than minus two in n-butanol/water), prefer 
ably by a distribution coefficient of log P<-3 (less than 
minus three in butanol/water). 
ECCM of the invention are contrast agents for MRI, 

X-ray-based techniques such as CT, optical techniques, 
optoacoustical techniques, ultrasonic techniques and nucleo 
medical techniques. They are characterised in that they do 
not interact with structures of the organism after injection 
and in that they are not altered in their signalling property by 
interaction with structures of the organism. Their movement 
is determined by the velocity of distribution and elimination. 
After reaching the maximum concentration in the blood, the 
process of distribution is completed and Substance levels 
which are no longer Sufficient for imaging are reached 
preferably after 10 minutes. Hence, 30 minutes after injec 
tion at the latest, preferably 20 minutes after injection, most 
preferably after 10 minutes after injection, the concentration 
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of the contrast agents of the invention in the blood circula 
tion is reduced to a degree that the LSCM can be applied. 
ECCM are particularly preferred which exhibit a blood 

concentration that is reduced to a level allowing adminis 
tration of the LSCM after 30 minutes at the latest, particu 
larly preferred after 10 to 15 minutes. Animal imaging 
studies can be applied to discriminate between ECCM and 
LSCM. A fast decline of the imaging signal over the target 
lesion or reference region is a characteristic of ECCM, 
whereas LSCM exhibits a continuous accumulation in the 
target lesion over more than 30 to 60 min after application. 

Thus, in the present invention, the ECCM and LSCM are 
defined by their different target lesion elimination times. 
Hereby, the absolute elimination time of each contrast agent 
from the target lesion is not of particular significance, but 
rather the relative elimination times of the contrast agents to 
be used as ECCM/LSCM pair. This means that the ECCM 
is eliminated in 20% of the time or less, more preferably in 
10% of the time or less, with respect to the elimination time 
from the target lesion of the LSCM, wherein preferably, the 
time difference between the elimination of the ECCM and 
the LSCM to a level of 10% of the maximum concentration 
of ECCM and LSCM in the target lesion is at least 20 min, 
more preferably at least 30 minutes. Consequently, many 
contrast agents may be used both as LSCM or ECCM, 
depending whether the second contrast agent which is used 
in conjunction therewith has a slower or more rapid elimi 
nation. Hereby, the tissue type which is comprised by the 
area of interest will have to be accounted for, as several 
contrast agents show different elimination times in different 
tissue types. In general, a person skilled in the art will 
recognize combinations of contrast agents which represent 
appropriate ECCM/LSCM pairs for a given application and 
a given tissue type, as the elimination behaviour of most 
contrast agents has already been described in great detail. In 
Some cases however, a simple experiment will have to be 
conducted in which the elimination behaviour of a contrast 
agent in a certain tissue type is monitored. The skilled 
person, such as a radiologist, is trained to carry out Such 
experiments routinely. In this context, the term "eliminated 
or "elimination” means that the level of contrast agent in a 
given area of diagnostic interest has reached a value of 10% 
or less of the maximum level after injection. 
ECCM are substances, contrast agents or effector mol 

ecules, preferably selected from the group comprising: 
metal complexes with paramagnetic metals, 
Superparamagnetic, ferromagnetic or ferrimagnetic iron 

oxide particles with polymeric protective coating, 
complex-bound, chelator-bound and covalently bound 

radioactive nuclides, 
gas-filled, polymeric microparticles or microvesicles. - 

gas precursors, 
organic, metallo-organic or anorganic chromophores or 

fluorophores, 
structures which biosynthetically form organic chro 
mophores or fluorophores, 

structures with a high absorption cross section for X-rays, 
structures having an effect on electric impedance. 
Subject matter of the invention is the use of ECCM 

containing paramagnetic metal ions. Preferred paramagnetic 
metal ions are ions of transitional metals and lanthanoid 
metals (e.g. metals having the atomic numbers 6-9, 21-29, 
42, 43, 44, or 57-71), in particular ions of Cr, V. Mn, Fe, Co. 
Ni, Cu, La, Cel Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb and Lu. Mn, Cr, Fe, Gd and Dy are preferred. Gd is 
particularly preferred. 
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8 
These ions are stably bound or complexed by complex 

forming structures or groups of chelators. The latter are 
macro-cyclic or open-chain polyaminocarboxylic acids. 
Macro-cyclic chelator groups are preferably tetraazacy 
clododecane chelators, such as 1,4,7,10-tetraazacyclodode 
cane-N,N',N',N'-tetraacetic acid (DOTA); 1,4,7,10-tet 
raazacyclododecane-N,N',N'-triacetic acid (DO3A): 1-Oxa 
4,7,10-triazacyciododecane-N,N',N'-tretraacetic acid 
(OTTA); trans(1,2)-cyclohexanodiethylentiriamine pen 
taacetic acid (CDTPA) and analogues thereof, or ethyl 
enamine chelator groups, such as N.N.N',N',N'-diethylen 
etriamine pentaacetic acid (DTPA), ethyleneediamine 
tetraacetic acid (EDTA), as well as their chemical substitu 
tion derivatives at the ethylene and/or acetic acid residues. 
Further derivatives are DTPA-BMA, DPDP, TMT and 
HPDO3A, gadubotrol (Gadovist(R), gadopentetatic acid/di 
meglumine Salt (Magnevist(R), gadobenic acid (Multi 
hance(R), gadodiamide (Omniscan), gadoxetic acid/diso 
dium salt (Primovist(R); Gd-EOB-DTPA), and gadoteridol 
(Prohance(R). 

Gadubotrol (Gadovist(R), gadopentetatic acid/dimeglu 
mine salt (Magnevist(R), gadobenic acid (Multihance(R). 
gadodiamide (Omniscan), gadoxetic acid/disodium salt (Pri 
movist(R); Gd-EOB-DTPA), and gadoteridol (Prohance(R) 
are particularly preferred. 

Subject matter of the invention are ECCM containing 
Superparamagnetic iron oxide particles. These are biocom 
patible and acceptable due to the stabilizing protective 
coating. The iron oxide particles with protective coating 
have a diameter of 20-500 nm, preferably of 20-200 nm. 
Protective coatings consists of polymers, in particular poly 
saccharides such as dextran. SPIOs, USPIOS, MIONs are 
particularly preferred. 

Subject matter of the invention are ECCM containing 
chromophores or fluorophores. Chromophores or fluoro 
phores are structures which have an extended system of 
delocalized electrons, which absorb and fluoresce within a 
spectral range of 300-1400 nm. Chromophores or fluoro 
phores with an absorption and/or emission maximum of 
400-600 nm (visible fluorescence) as well as an absorption 
and/or emission maximum of 650-1000 nm, in particular 
700-900 nm (near-infrared fluorescence). 
Chromophores or fluorophores with visible fluorescence 

are NBD, fluoresceins, rhodamines, tetrapyrroles (e.g. por 
phyrines, protoporphyrine SX), pyrilium dyes, Thai 
pyrilium dyes, croconium dyes, squarylium dyes, benzophe 
noxazinium dyes, benzothiaphenothiazinium dyes, anthra 
quinones, naphthoduinones, phthaloylacridones, azo dyes, 
diazo dyes and complexes of the lanthanoid metals La, Ce, 
Pr, Nd1 Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, 
Eu, Tb, Yb with macrocyclic or open-chain polyaminocar 
boxylic acids or polyaminocarboxylic acids phosphoric 
acids. Fluorescein is particularly preferred. 
Chromophores or fluorophores with near-infrared fluo 

rescence are polymethin dyes, particularly cyanine dyes, 
merocyanines, phthalocyanines, naphthalocyanines, triph 
enylmethines, croconium dyes, squary upsilonurn dyes. 
Indocyanines, in particular indocyanine green, DODCI1 
DTDCI, DOTCI and DDTCI and derivatives are preferred. 
Indocyanine green (ICG, CardioGreen, IC Green, Diag 
noGreen) is particularly preferred. 

Examples can be found in “Topics in Applied Chemistry: 
Infrared absorbing dyes' Ed. M. Matsuoka, Plenum, N.Y. 
1990. “Topics in Applied Chemistry: The Chemistry and 
Application of Dyes', Waring et al., Plenum, N.Y., 1990, 
“Handbook of Fluorescent Probes and Research Chemicals' 
Haugland, Molecular Probes Inc, 1996, DE-A-4445065, 
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DE-A-4326466, JP-A-3/228046, Narayanan et al., J. Org. 
Chem. 60: 2391-2395 (1995), Lipowska et al., Heterocyclic 
Comm. 1: 427-430 (1995), Fabian et al., Chem. Rev. 92: 
1197 (1992), WO96/23525, Strekowska et al., J. Org. Chem. 
57: 4578-4580 (1992), WO (Axis) and WO96/17628. 

Subject matter of the invention are also ECCM compris 
ing particulate or vesicular polymers which contain, trans 
port and/or release air or fluorinated gases (e.g. SFe or 
perfluorinated alkanes with 1-6 C-atoms or other gases as 
described in WO97/29783). Echovist(R), Levovist, 
Sonavist(R), Sonuvue and Optison(R) are particularly appro 
priate. 

Subject matter of the invention are ECCM containing 
radionuclides. Radionuclides are non-metal nuclides as well 
as metal nuclides for the techniques of SPECT (single 
photon emission computed tomography) or PET (positron 
emission tomography), respectively. 

Non-metal nuclides are covalently bound to carbons of 
chemical structures. A particularly preferred non-metal 
nuclide is radioactive iodine (SPECT: 'I, I, I, PET: 
*I) or carbon C (PET). 
Metal radionuclides are preferably 'Y, "Tc, 'Sn, 

*7Sc, 7Ga, 5 Cr, 177mSn, 67Cu, 167Tm, 7Ru, 188Re, 177Lu, 
Au, 20Pb and Ce (for SPECT) and Y, Tc, 10"In, 
Ga, Cu (for PET). These are bound by complex forming 

structures or radioactive chelators. 
Chelators for metal radionuclides are structures with 

donor atoms, such as N. S., O, which bind the metals in 
appropriate configuration in space and form a cyclical metal 
complex or chelates. These are in particular ISI3S, N2S2 
systems on the basis of aminoalkyl, thioalkyl, aminocarbo 
nyl, thiocarbonyl structure elements (Kirk-Othmer Encyclo 
pedia of Chemical Technology, Vol. 5,339-368). 

Chelators on the basis of N3S and N2S2 are described e.g. 
in U.S. Pat. Nos. 4,444,690; 4,670,545; 4,673,562; 4,897, 
255; 4,965,392: 4,980,147: 4,988,496; 5,021,556 and 5,075, 
099, WO92/08494. Furthermore, representative chelators 
are described in U.S. Pat. No. 5,559,214 A. WO95/26754, 
WO 94/08624, WO 94/09056, WO 94/29333, WO 
94/08624, WO 94/08629 A1, WO 94/13327 A1 and WO 
94/1221.6 A1: WO89/00557, U.S. Pat. Nos. 4,647,447: 
5,367,080; 5,364,613. Chelates are also modified proteins 
which bind e.g. "Tc (U.S. Pat. No. 5,078.985). 

Chelate structures are selected from mycrocyclic or open 
chain amino carboxylic acids. Macrocyclic chelator groups 
are preferably tetraazacyclododecane chelators, such as 1.4. 
7,10-Tetraazacyciododecane-N,N',N',N"-tetraacetic acid 
(DOTA); 1,4,7,10-tetraazacyclododecane-N,N',N'-triacetic 
acid (DO3A): 1-Oxa-4,7,10-triazacyclododecane-N,N',N'- 
triacetic acid (OTTA) and dibenzo 18 crown-6, (CH)- 
14-4,11-dien-N, and (2.2.2-cryptate). Open-chain amino 
carboxylic acids are, for example, trans(1,2)-cyclohexano 
diethylentriamine pentaacetic acid (CDTPA) and analogues 
thereof. N.N.N',N',N'-diethylenetriamine pentaacetic acid 
(DTPA), ethylene diamine tetraacetic acid (EDTA), N-(2- 
hydroxy)-ethylene-diamine triacetic acid, nitrilotriacetic 
acid, N,N-Di-(2-hydroxyethyl)glycine, ethylenebis-(hy 
droxyphenylglycine) and derivatives thereof by chemical 
Substitution at the ethylene and/or acetic acid residues. 
Further derivatives are DTPA-BMA, DPDP, TMT and 
HPDO3A. 

Moreover, chelate structures are selected from the sub 
stance classes of polyphosphates, such as Sodium polyphos 
phate and hexametaphosphoric acid; 1,3-diketones, e.g. 
acetylacetone, trifluoracetylacetone, thenoyltrifluoroac 
etone; hydroxycarboxylupsilonic acids, e.g. lactic acid, cit 
ric acid, gluconic acid and 5-sulfosalicylic acid, polyamines, 
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10 
e.g. ethylenediamine, diethylenetriamine, triethylenetet 
raamine, triaminotriethylamine; amino alcohols, e.g. trietha 
nolamine and N-(2-hydroxyethyl)-ethylenediamine; aro 
matic heterocyclic bases, e.g. 2,2'-diimidazole, 
picolinamine, dipicolinamine, 1,10-phenanthrolin; phenols, 
e.g. salicylaldehyde, disulfopyrocatechol; aminophenois, 
e.g. 8-hydroxyquinoline oximeSuifonic acid; oximes, e.g. 
dimethylglyoxime, salicylaldoxime; peptides with chelating 
end groups, e.g. polycystein, polyhistidine, polyasparaginic 
acid, polyglutamine acid, glycine-glycine-cystein or combi 
nations of Such amino acids; Schiffs bases, e.g. disalicyl 
aldehyde, 1,2-propylendiimine; tetrapyrroles, e.g. porphy 
rins, tetraphenylporphyrins, benzoporphyrins, chlorines, 
tetraphenylchlorines, benzochlorines, bacteriochlorines, 
pheophorbides; purpurinimides, expanded tetra- and pen 
tapyrroles (texaphyrines); Sulphur compounds, e.g. toluene 
dithiole, meso-2,3-dimercaptosuccinic acid, dimercaptopro 
panol, thioglycolic acid, Sodium diethyldithiocarbamate, 
dithizone, diethyldithiophosphoric acid, thiourea; phospho 
nic acids, e.g. nitrilotrimethylene phophonic acid, ethylene 
diamine-tetra(methylene phosphonic acid), hydroxyethyli 
dendiphosphonic acid or combinations of 2 or more of the 
structures mentioned. 
Complex forming substances for "Tc are, furthermore, 
"Tc(I)(HO)(CO)", from which the "Tc-tricarbonyl 

complex with amino carboxylic acids or other chelating 
donor atoms is formed. 

Subject matter of the invention are ECCM which exhibit 
X-ray absorption, in particular triiodized aromatic hydro 
carbons and complexes with lanthanoid ions La, Ce, Pr, Nd, 
Pm1 Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, Eu, Tb, 
Yb, preferably Gd, Tb, Dy, Ho, and structures containing 
triiodized aromatic hydrocarbons and complexes with tan 
thanoid ions and iodixanol (VisipaqueR), iopromid (Ultra 
vist(R), ioxaglinic acid (Hexabrix(R), iomeprol (Imeron(R), 
iopamidol, iotrolan (Isovist), iosurcal (Melitrast), iohexol 
(OmnipaqueR), amidotrizoic acid (Peritrast), meglumine 
ioxithalamate (Telebrix), iobitridol (Xenetix(R) and gado 
linium-DTPA. Iodixanol (VisipaqueR), iopromid (Ultra 
vist(R), ioxaglinic acid (Hexabrix(R), iomeprol (Imeron(R), 
iopamidoi, iotrolan (Isovist), iosurcal (Melitrast), iohexol 
(OmnipaqueR), amidotrizoic acid (Peritrast), meglumine 
ioxithalamate (Telebrix), iobitridol (XenetixR), and gado 
linium-DTPA are preferred. 

In a particularly preferred embodiment, the ECCM is 
gadolinium DTPA. 
The lesion-specific contrast agents (LSCM) according to 

the invention are signalling or signal-modulating Substances 
for image synthesis procedures characterised in that they 
interact with structures in the organism or they are modified 
by structures in the organism as to their signalling properties 
and they provide additional imaging information which 
improve the specificity of the method. Said additional infor 
mation can be information as to anatomy, morphology, 
function, metabolism or molecular expression of specific 
factors. The Substances according to the invention are char 
acterised in that after application in the lesion tissue they 
concentrate continuously and, in contrast to ECCM, remain 
in the lesion over a longer period of time during examination 
and do not exhibit any wash-in/wash-out phenomenon. The 
concentration can be achieved by different mechanisms 
which aim at preventing fast elimination from the blood 
circulation. The lesion-specific agents according to the 
invention can bind to specific binding sites, concentrate in 
cell membranes, be activated by enzyme activity, bind to 
extracellular proteins, absorbed by cells of the RES or enter 
cells of the lesion tissue. These substances are characterised 
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in that their elimination from the blood circulation takes 
clearly more time in comparison to the ECCM. Due to said 
longer period of time, the agents are capable of accumulat 
ing in the Suspect lesions by the mechanisms mentioned and 
stay there. Preferably after 15 minutes to 24 hours, particu 
larly preferred after 15 minutes to 3 hours, the process leads 
to demarcation of the disease lesion from the Surrounding 
healthy tissue, which can be diagnostically measured. With 
this demarcation which can be measured diagnostically, it is 
of no importance whether the LSCM concentrates in the 
tissue of the disease lesion or in the Surrounding healthy 
tissue. 

Preferably, the LSCM accumulates in the lesion after 10 
minutes and stays there for at least one hour, whereas 
particularly preferred the concentration of the LSCM in the 
lesion continuously increases within the period of 10 min 
utes to 60 minutes. 
LSCM according to the invention are contrasting agents 

for the MRI 1 for X-ray-based techniques such as e.g. CT1 
for optical techniques, for optoaccoustic techniques, for 
ultrasonic techniques and for nuclear medicine techniques. 

The LSCM are active Substances, contrasting agents or 
effector molecules, selected from the following group, com 
prising: 

metal complexes with paramagnetic metals, 
Superparamagnetic, ferromagnetic or ferrimagnetic iron 

oxide particles with polymeric protective coatings, 
complex-bound, chelator-bound and covalently bound 

radionuclides, 
gas-filled, polymeric microparticles or -Vesicles, 
gas precursors, 
organic, metal-organic or inorganic chromophores and 

fluorophores, 
structures biosynthetically forming organic chromophores 

or fluorophores, 
structures with high absorption cross section for X-rays, 
structures influencing electric impedance. 
Use of LSCM containing paramagnetic metal ions are 

subject matter of the invention. Preferred paramagnetic 
metal ions are ions of the transmission and lanthanoid metals 
(e.g. metals of atom numbers 6-9, 21-29, 42, 43, 44, or 
57-71), in particular ions of Cr, V, Mn, Fe, Co, Ni, Cu, La, 
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. 
Mn, Cr, Fe, Gd and Dy are preferred. Gd is particularly 
preferred. 

These ions are stably bound or complexed by complex 
forming structures or chelator groups. The latter are 
polyaminocarboxylic acids with macrocyclic or open-chain 
structure. Groups of macrocyclic chelator agents are pref 
erably tetraazacyclododecane chelates. Such as 1,4,7,10 
tetraazacyclododecane-N,N',N',N"-tetraacetic acid 
(DOTA); 1,4,7,10-tetraazacyclododecan-N,N',N'-triacetic 
acid (DO3A): 1-Oxa-4,7,10-triazacyclododecane-N,N',N'- 
triacetic acid (OTTA); trans(1,2)-cyclohexanodiethylentri 
amine pentaacetic acid (CDTPA) and analogues thereof, or 
ethylenamine chelator groups, such as N.N.N',N',N'-dieth 
ylenetriamine pentaacetic acid (DTPA), ethylenediamine 
tetraacetic acid (EDTA), as well as their derivatives by 
chemical Substitution at the ethylene and/or acetic acid 
residues. Further derivatives are DTPA-BMA, DPDP, TMT 
and HPDO3A. 

Gadofosveset (Vasovist(R), Gadofluorine, Gadofluorine 
M and Gadomer-17 are particularly preferred. 
LSCM containing Superparamagnetic iron oxide particles 

are subject matter of the invention. These are biocompatible 
and acceptable due to their stabilising protective coatings. 
Specifically, the iron oxide particles with protective coating 
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12 
have a diameter of 20 to 500 nm, preferably 20-200 nm. 
Protective coatings consist of polymers, in particular poly 
saccharides such as dextran. 

SPIOs, USPIOs1 MIONs, Ferucarbutran (Resovist(R), 
Supravist(R) are particularly preferred. 
LSCM containing chromophores or fluorophores are sub 

ject matter of the invention. Chromophores or fluorophores 
are structures with an elaborate system of delocalised elec 
trons, which absorb and fluoresce within the spectral region 
of 300 to 1400 nm. Chromophores or fluorophores with an 
absorption and/or emission maximum of 400 to 600 nm 
{visible fluorescence) as well as an absorption and/or emis 
sion maximum of 650 to 1000 nm, in particular 700 to 900 
nm (near-infrared fluorescence) are preferred. 
Chromophores or fluorophores with visible fluorescence 

are NBD1 Fluorescein, rhodamines, tetrapyrroles (e.g. por 
phyrins, protoporphyrin IX)1 pyrilium dyes, thaipyrilium 
dyes, croconium dyes, squarilium dyes, benzophenox 
azinium dyes, benzothiaphenothiazinium dyes, anthraquino 
nes, napthoquinones, phthaloylacridones, azo dyes, diazo 
dyes, as well as complexes of the lanthanoide metals La, Ce, 
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lul 
Eu1 Tb, Yb with macrocyclic or open-chain polyaminocar 
boxylic acid or polyaminocarboxylic acids phosphoric acids. 

Chromophores or fluorophores with near-infrared fluo 
rescence are polymethin dyes, in particular cyanin dyes, 
merocyanins, phthalocyanins, naphthalocyanins, triphenyl 
methins, croconium dyes, squarilium dyes. Examples can be 
found in “Topics in Applied Chemistry: Infrared absorbing 
dyes”, Ed. M. Matsuoka, Plenum, N.Y. 1990, “Topics in 
Applied Chemistry: The Chemistry and Application of 
Dyes', Waring et al., Plenum, N.Y., 1990, “Handbook of 
Fluorescent Probes and Research Chemicals”, Haugland, 
Molecular Probes Inc, 1996, DE-A-4445065, DE-A- 
4326466, JP-A-3/228046, Narayanan et al., J. Org. Chem. 
60: 2391-2395 (1995), Lipowska et al., Heterocyclic Comm. 
1: 427-430 (1995), Fabian et al., Chem. Rev. 92: 1197 
(1992), WO96/23525, Strekowska et al., J. Org. Chem. 57: 
4578-4580 (1992), WO (Axis) and WO96/17628, Chro 
mophores with targeting properties are preferred. Targeting 
properties of chromophores can be achieved by conjugation 
of chromophores to targeting molecules such as peptides, 
antibodies or other synthetic proteins. 
The use of active Substances biosynthentically forming 

chromophores or fluorophores after administration of the 
active substances is Subject matter of the invention. 
5-aminolaevulin acid (5-ALA) and ester of 5-ALA are 
mentioned to be preferred. 
LSCM consisting of particulate or vesicular polymers 

containing, transporting and releasing air or fluorinated 
gases (e.g. SF6 or perfluorinated alkanes with 1-6 atoms or 
other gases as described in WO97/29783) are subject matter 
of the invention. Particulate polymers coupled to target 
searching peptides or protein are particularly preferred. 
LSCM containing radionuclides are subject matter of the 

invention. Radionuclides are both non-metal nuclides and 
metal nuclides, each for SPECT (single photon emission 
computed tomography) or PET (positron emission tomog 
raphy) technique. 

Non-metal nuclides are covalently bound to carbons of 
chemical structures. A particularly preferred non-metal 
nuclide is radioactive iodine (SPECT: 'I, I, ''I; PET: 
'*'I) or carbon ''C (PET). 

Metal radionuclides are preferably 'Y.'"Tc, '''In, ''Sc, 
7Ga, scr, 177Sn, 7Cu, 167Tm, 7Ru, 188Re, 77Lu, Au, 
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20Pb and Ce (for SPECT) and Y, 97Tc, 10"In, Ga. 
Cu (for PET). These are bound by complex forming 

Substances or radiochelators. 
Chelators for metal nuclides are structures with donor 

atoms such as N. S. O., which bind metals in an appropriate 
spatial arrangement and form a cyclic metal complex or 
chelates. These are, in particular, NS, NS systems on the 
basis of aminoalkyl, thioalkyl, aminocarbonyl, thiocarbonyl 
structure elements (Kirk-Othmer Encyclopedia of Chemical 
Technology, Vol. 5,339-368). 

Chelates on the basis of NS and NS are described, for 
example, in U.S. Pat. Nos. 4,444,690; 4,670.545; 4,673,562: 
4,897.255; 4,965,392: 4,980, 147; 4.988,496; 5 5,021,556 
and 5,075,099, WO92/08494. Representative chelators are 
further described in U.S. Pat. No. 5,559,214 A, WO 
95/26754, WO 94/08624, WO 94/09056, WO 94/29333, 
WO 94/08624, WO 94/08629 A1, WO 94/13327 A1 and 
WO 94/12216 A1: WO89/00557, U.S. Pat. Nos. 4,647,447; 
5,367,080; 5,364,613. Chelates are also modified proteins 
binding e.g. '"Tc (U.S. Pat. No. 5,078.985). 

Chelate structures are selected from macrocyclic or open 
chain aminocarboxylic acids. Macrocyclic chelator groups 
are preferably tetraazacyclododecane chelates, such as 1.4. 
7,10-tetraazacyclododecane-N,N',N',N'-tetraacetic acid 
(DOTA); 1,4,7,10-tetraazacyclododecan-N,N'N'-triacetic 
acid (DO3A): 1-Oxa-4,7,10-triazacyclododecane-N,N',N'- 
triacetic acid (OTTA) as well as dibenzo 18 crown-6, 
(CH)-14-4,11-dien-N4, and (2.2.2-cryptate). Open 
chain amino carboxylic acids are, for example, trans(1,2)- 
cyclohexano-diethylentriamine pentaacetic acid (CDTPA) 
and analogues thereof, N.N.N',N',N'-diethylenetriamine 
pentaacetic acid (DTPA), ethylenediamine tetraacetic acid 
(EDTA), N-(2-hydroxy)-ethylenediamine triacetic acid, 
nitrilo triacetic acid, N,N-di-(2-hydroxyethyl)-glycine, eth 
ylenebis-(hydroxyphenylglycine) as well as their derivatives 
by chemical substitution at the ethylene and/or acetic acid 
residues. Further derivatives are DTPA-BMA, DPDP, TMT 
and HPDO3A. 

Furthermore, chelate structures are selected from the 
Substance classes of the polyphosphates, such as e.g. sodi 
umtripolyphosphate and hexametaphosphoric acid; 1,3- 
diketones, e.g. acetyl acetone, trifluoracetyl acetone, the 
noyltrifluoracetone; hydroxy carbonic acid, e.g. lactic acid, 
citric acid, gluconic acid, and 5-Sufosalicyl acid; 
polyamines, e.g. ethylenediamine, diethylentiriamine, trieth 
ylentetraamine, triaminotriethylamine; aminoalcohols, e.g. 
triethanolamine and N-(2-hydroxyethyl)-ethylendiamine; 
aromatic heterocyclic bases, e.g. 2,2'-diimidazol, picolin 
amine, dipicolinamine, 1,10-phenanthrolin; phenols, e.g. 
salicylaldehyde, disulfopyrocatechol; aminophenoles, e.g. 
8-hydroxychinolin Oxime Sulfonic acid, oximes, e.g. dim 
ethylglyoxime, Salicylaldoxime; peptide with chelating end 
groups, e.g. polycystein, polyhistidine, polyasparagine acid, 
polyglutamine acid, glycine-glycine-cysteine, or combina 
tions of amino acids of that kind; Schiffs bases, e.g. 
disalicylaldehyde, 1.2-Propylendiime, tetra pyrrole, e.g. por 
phyrins, tetraphenylporphyrines, benzoporphyrins, chlo 
rines, tetraphenylchlorins, benzochlorins, bacteriochlorins, 
pheophorbides; purpurinimides, expanded tetra- and pen 
tapyrroles (texaphyrins); Sulphur compounds, e.g. toluendi 
thiol, Meto-2,3-dimercaptosuccinic acid, dimercaptopropa 
nol, Sodium diethyldithiocarbamate, dithizone, 
diethyldithiophosphoric acid, thiourea; phosphonic acids, 
e.g., nitrilotrimethylenphosphonic acid), ethylenediamine 
tetra(methylenephosphonic acid), hydroxyethyliden diphos 
phonic acid, or combinations of 2 or more of the structures 
mentioned. 
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Complex forming structures for "Tc are furthermore 
"Tc(I)(HO)(CO)" from which the "Tc tricarbonyl 

complex with amino carbonic acids or other chelating donor 
atoms is formed. 

Chelator structures and complex forming Substances are 
bound to carrier, vector, targeting or transporter molecules 
Such as e.g. polymers, proteins, peptides, antibodies, oligo 
nucleotides, polysaccharides and combinations and deriva 
tives thereof, via linkers. In this context, chelator structures 
and complex forming Substances are linked by means of 
functional groups of the chelator backbone, by means of 
derivatisation of donor groups into derivatised donor groups 
Such as e.g. acids into amides, alcohols into ethers, thioles 
into thioethers, or by means of free coordination sites of the 
metal. The coupling to carrier, vector, targeting or trans 
porter molecules can take place in molar ratios of 1 to 100. 
Linker and derivatives for chelators are described in WO947 
08629, WO94/09056, WO96/20754. 

Preferred structures are "Tc-Medronat, "Tc-Sesta 
mibi, "Tc-ECD, ''"Tc-MAG3, '''In-DTPY-octreotide, 
'''In-DTPA-octreotate, 'F-fluordesoxyglucose (FDG), F 
dopamine, F-L-DOPA, F-fluorcholine, F-fluormethy 
lethylcholin, F-fluordihydro-testosterone, Ga-NODA 
GATOC, Ga-DOTYTOC. 
LSCM exhibiting an absorption of X-rays are subject 

matter of the invention, in particular triiodated aroma Sub 
stances and complexes with lanthanoid ions La, Ce, Pr, Nd, 
Pm. Sm, Eul Gcl1 Tb, Dy, Ho, Er, Tm, Yb, and Lu, Eu, Tb, 
Yb, preferably Gd, Tb, Dy, Ho, as well as structures con 
taining the triiodated aroma Substances and complexes with 
lanthanoid ions. 
A particular advantage of the combination of ECCM and 

LSCM according to the invention is the possibility of using 
high-resolution imaging. With use of ECCM alone, the use 
of high-resolution imaging was not possible, since the 
measure intervals available are very short. However, the 
combination of ECCM and LSCM according to the inven 
tion makes it possible to use high-resolution imaging to 
obtain specific morphological information. 

During any imaging methods, the assessment of exact 
morphological details depends on a high spatial resolution, 
in order to obtain high-resolution images, however, a longer 
examination period is necessary. Moreover, measuring 
methods have to be applied which are unsuitable for the 
synthetic imaging of the ECCM, since an increase of the 
spatial resolution leads to a significant increase of the 
measuring time and a reduction of the ratio of signal and 
noise. Furthermore, high-resolution measuring methods are 
unsuitable for obtaining rapid changes in the distribution of 
the contrast agent, as necessary for the rapid distribution of 
ECCM. 
The individual components of the combination of ECCM 

and LSCM according to the invention can be imaging 
contrasting agents or signalling Substances for synthetic 
imaging methods (monomodal) or multiple (polymodal, 
multimodal) imaging methods. 
The monomodal methods can be selected from the group 

comprising: MRT, PET, CT, optical imaging, ultrasound, 
SPECT, X-ray. 

Synthetic imaging methods which are appropriate for the 
illustration of combinations of ECCM and LSCM are fusion 
methods of different imaging methods such as PET-CT, 
PET-MRI, PET-optical imaging. MRI-CT, ultrasound opti 
cal imaging, PET-SPECT, SPECT-CT, MRT-optical imaging 
and SPECT-MRT. 

For the use of a combination according to the invention, 
which is illustrated by means of polymodal methods, 
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devices and Software are used which visualise the signals of 
the individual components separately as to space and time 
and which carry out an automatic comparison of the spatial 
and temporal signal intensities for each Suspect lesion or 
Suspect area. 

With monomodal application of the combination of the 
invention, first, for example, the ECCM is applied and then, 
following with a time delay, the LSCM is applied. The time 
interval between the application of the ECCM and the 
LSCM is determined in such a way that the application of 
LSCM only takes place when the blood level of ECCM has 
sunk to a low level and no longer interferes with the 
Subsequent application of the LSCM. In that way, the signals 
of the imaging agents cannot overlap and influence each 
other. Since the ECCM has fallen to such low level only ten 
minutes after application, the Subsequent application must 
be carried out with a delay. 

In case the combination of ECCM and LSCM according 
to the invention are visualised by means of polymodal 
synthetic imaging, the ECCM and the LSCM can also be 
applied simultaneously or with a very Small delay. By using 
different synthetic 15 imaging methods, overlap of the 
individual signalling components is avoided. The signalling 
components of the ECCM and the LSCM can be visualised 
separately. The almost simultaneous application is appropri 
ate, above all, if radioisotopes with a short decay time are 
used. This applies, e.g. if "F-based PET tracer are com 
bined with the MRI ECCM Gd-DTPA. 

Thus, the combination of ECCM and LSCM is the subject 
matter of the present invention when used as: 
monomodal time-delayed application, e.g. monomodal 

measurement 0-15 minutes after injection of the ECCM 
and second measurement 15 minutes to 24 hours after 
injection of the LSCM 

polymodal time-delayed application 
polymodal simultaneous application 
The time-delayed application of the individual compo 

nents of the combination can be achieved by different 
devices. The combination according to the invention can be 
carried out by two-chamber or multiple-chamber Syringes or 
cartridges. A further device for the administration of the 
combination according to the invention is a device for 
carrying out the time-controlled application of the individual 
components. Hereby, the time control is carried out in 
correspondence with the application regimen for the LSCM 
and ECCM as described for the method of the present 
invention. 

Thus, Subject matter of the present invention is an appli 
cation device for the combined application of an extracel 
lular contrast agent (ECCM) for the diagnosis of lesions in 
combination/connection with a lesion-specific contrast agent 
(LSCM), wherein the application device has at least two 
chambers or receptacles for the separate absorption and 
application of the ECCM and the LSCM. 

Said application device can be a two-chamber or multiple 
chamber Syringe, it can also be a two-chamber or multiple 
chamber cartridge. Furthermore, an apparatus comprising 
two distinct chambers containing an LSCM and an ECCM, 
respectively, wherein the release of contrast agent is con 
trolled with an individual pump for each chamber, and 
wherein the outlets of the two chambers are fitted with 
tubing which is connected by a Y-piece which ends in a 
single tube so that both contrast agents are applied to the 
patient via this single tube may be used as application 
device. 

Furthermore, an embodiment of the present invention is 
the use of an application device for the administration of an 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
LSCM and an ECCM to a subject or patient, whereby the 
application regimen for the LSCM and ECCM is as 
described for the method of the present invention. 

EXAMPLES 

Example 1 

A middle-aged patient. This patient Suffered from a malig 
nant brain tumour, a glioblastoma, and was treated for it. 
Apart from an operation, the treatment also included radio 
therapy of the brain with increased radiation in the former 
operation area using directed Stereotactic techniques. After 
about six months, the patients initially good clinical situa 
tion deteriorated. The clinical examination results in pre 
Sumed tumour growth recurring. 

Diagnostic imaging by means of a PET-CT device com 
bination can illustrate tumours both by using X-ray contrast 
agents and by using PET isotopes. With an extracellular CT 
contrast agent such as e.g. Ultravist(R) a region accumulating 
contrast agent inhomogeneously in the region of the former 
tumour bed can be seen. With regard to differential diagno 
sis, apart from a tumour recurring—a local relapse—, cell 
death caused by high radiation—radionecrosis—is possible. 
The PET isotope F-fluordeoxyglucose (FDG) as LSCM, 

which was injected simultaneously, provides the explanation 
for the differential diagnosis: the missing concentration of 
the LSCM in the cells of the region, which, in the CT, had 
shown a concentration of ECCM, proves the presence of 
radionecrosis. Further therapy consists in the administration 
of corticoids; the patient’s prognosis is clearly better than in 
the case of a local relapse being present. 

Example 2 

A patient, typically between 50 and 70 years of age, is 
admitted to hospital for further diagnosis and therapy due to 
blood deposits in the stool. The coloscopy carried out 
showed a malign tumour of the colon. During the ultrasound 
scan of the liver, which was also carried out, an individual, 
defined focus was found in the right hepatic lobe which lead 
to the presumption of a metastasis in the liver, a liver 
metastasis. 
The magnetoresonance tomography which was carried 

out, first, with an extracellular contrast agent (EECM, e.g. 
Magnevist(R), then directly followed by a lesion-specific 
contrast agent (LSCM, e.g. Resovist(R), confirmed, in the 
first step, the presence of a liver focus in the right hepatic 
lobe by means of ECCM. Differentiation of the type of 
tumour, however, is not possible. In this case, only the 
accumulation of the tumour with the LSCM showed that the 
cells of this dimension are liver cells and not tumour cells. 
Thus, metastasis of the colon tumour could be excluded, the 
diagnosis of a benign simple hemangioma of the liver could 
be secured by the combined contrast agents examination. 
The patient is subjected to a normal tumour operation of the 
colon. 

Example 3 

A patient, typically in his late 50s or early 60s with a 
history of a recent heart attack is now being investigated for 
viable myocardium before cardiac bypass Surgery. The 
patient’s history includes a low grade nicotine abuse 20 
years ago with overall eight pack-years exposure and a 
history of tuberculosis during adolescence. Previous diag 
nostic coronary angiography has revealed Stenoses in the 
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coronary arteries. PET imaging with use of F-FDG as 
radiotracer revealed viable myocardium with the possibility 
to improve cardiac function with a revascularization proce 
dure. Coincidentally an increased tracer uptake was seen 
during cardiac PET imaging in the left upper lobe of the 
lung, being consistent with cancer or infectious disease. 
A targeted contrast enhanced high-resolution thin slice 

computed tomography scan was performed in the upper lung 
lobes showing a well enhancing, approximately 2 cm mea 
Suring lesion. The high resolution thin slice images clearly 
showed a solid appearance of the tumor and very thin 
streaky structures Surrounding the tumor in a radiate appear 
ance, being typical for spiculae of a lung cancer. The 
combination of contrast enhancement in the Solid lesion and 
the speculated appearance of the tumor secured the diagno 
sis of a small lung cancer. 
The entire disclosure of all applications, patents and 

publications, cited herein and of corresponding application 
No. 07110922.7 EP filed Jun. 22, 2007, and PCT/EP2008/ 
057886, filed Dec. 22, 2008, are incorporated by reference 
herein. 

The invention claimed is: 
1. A polymodal method for imaging a lesion in a patient 

comprising: 
administering to said patient: 

an extracellular contrast medium (ECCM) selected 
from the group consisting of gadobutrol, gadopen 
tetatic acid or a salt thereof, gadobenic acid, gado 
diamide, gadoxetic acid/disodium salt and gadoteri 
dol; and 

a lesion-specific contrast medium (LSCM) selected 
from the group consisting of '"Te-Medronat, 
"Tc-Sestamibi, ''"Tc-ECD, ''"Tc-MAG3, '''In 

DTPY-octreotide, '''In-DTPA-octreotate, 'F-flu 
ordesoxyglucose, F-dopamine, F-L-DOPA, F 
fluorcholine, F-fluorimethylethylcholin, F 
fluordihydro-testosterone, Ga-NODAGATOC and 
Ga-DOTATOC, wherein the LSCM is enriched in 

the lesion 10 minutes after administration to said 
patient and is retained in the lesion for at least 1 hour; 
and 

Subjecting the patient to polymodal imaging wherein at 
least two different imaging modalities are used to 
provide at least two different imaging signals which are 
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immediately interpolated by a fusion method of the at 
least two different imaging modalities, wherein the at 
least two different imaging modalities are selected 
from: PET-MRI and SPECT-MRT; and 

wherein either: 
a. the ECCM and the LSCM are administered consecu 

tively; or 
b. the ECCM and the LSCM are administered simul 

taneously. 
2. The method of claim 1, wherein the polymodal imaging 

uses the combination of the imaging modalities: MRI imag 
ing and F-PET tracer imaging. 

3. The method of claim 1, wherein the polymodal imaging 
uses the combination of the imaging modalities: MRT 
optical imaging and SPECT-MRT imaging. 

4. The method of claim 1, wherein the ECCM and the 
LSCM are administered to said patient consecutively with a 
time delay between administrations of 10 to 30 minutes. 

5. The method of claim 1, wherein the ECCM and the 
LSCM are administered to said patient consecutively with a 
time delay between administrations of 10 to 15 minutes. 

6. The method of claim 1, wherein the ECCM and LSCM 
are administered consecutively. 

7. The method of claim 1, wherein the ECCM and LSCM 
are administered simultaneously. 

8. A kit for conducting the method of claim 1, comprising: 
an extracellular contrast medium (ECCM) selected from 

the group consisting of gadobutrol, gadopentetatic acid 
or a salt thereof, gadobenic acid, gadodiamide, gadox 
etic acid/disodium salt and gadoteridol; and 

a lesion-specific contrast medium (LSCM) selected from 
the group consisting of: "Tc-Medronat, ''"Tc-Sesta 
mibi, ''"Tc-ECD, "Tc-MAG3, '''In-DTPY-oct 
reotide, '''In-DTPA-octreotate, F-fluordesoxyglu 
cose, F-dopamine, F-L-DOPA, F-fluorcholine, 
F-fluormethylethylcholin, F-fluordihydro-testoster 

one, Ga-NODAGATOC and Ga-DOTATOC, which 
LSCM is enriched in the lesion 10 minutes after 
administration to said patient and is retained in the 
lesion for at least 1 hour; 

wherein the kit is provided in a form suitable for simulta 
neous or consecutive administration of the ECCM and the 
LSCM to said patient. 

k k k k k 


